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Abstract 
The guava (Psidium guajava L.), belongs to the Myrtaceae family. Originally 
from America, it finds in Brazil quite favorable conditions for fruit production. 
Among the producing regions, the northeast and the southeast regions are the main 
producers. In the southeast region, the State of São Paulo is the greatest producer 
while in the northeast, State of Pernambuco, is the main producer, followed by the 
State of Bahia. In these regions the cultivar ‘Paluma’ is the most cropped. São Paulo 
has its production addressed to the fresh fruit market and industry, while the guava 
production from the States of Pernambuco and Bahia is processed mainly to juice 
and pulp. This is the decisive factor to the price difference between the two markets, 
about three times higher in the southeast than in the northeast, due to production 
costs. The study aimed to understand the behavior of guava historical prices in the 
municipal market of Juazeiro, State of Bahia, considered the largest of the Lower 
Middle São Francisco River Valley, which centralizes the commercialization in the 
area. The data were deflated by the General Index Price (IGP-DI) and they refer to 
the January 2005 to December 2011 period and are available in the site of the 
Secretaria de Agricultura, Irrigaçãoe ReformaAgrária (SEAGRI) of the State of 
Bahia. The price components trend, cycle, seasonality and volatility were analyzed 
through estimates of ARIMA, ARCH and of spectral density models. The results of 
the log-lineal regression against time indicate a tendency for price increasing and the 
existence of seasonal cycles related to fruit offer. High volatility was not found in the 
series. 
 
INTRODUCTION 
Guava (Psidium guajava L.) is a fruit tree that belongs to the Myrtaceae family. 
About 93% of its production is concentrated in the States of São Paulo (top producer), 
Pernambuco and Bahia. In these regions the cultivar ‘Paluma’ is largely cultivated. São 
Paulo has its production addressed to fresh fruit market and industry, while in the 
production of States of Pernambuco (PE) and Bahia (BA) guava is processed mainly to 
juice and pulp. This is a decisive factor to price differences between the two markets that 
could be three times higher in the southeast due to production costs, than in the northeast. 
Apart of these facts, it is very important to growers to understand the behavior of 
prices for a long-term planning and better allocation of productive resources, defining 
what and when to grow and also to evaluate the continuity of the activity. Moreover, the 
understanding of price evolution by the government institutions will help to define 
markets and products to be emphasized, for example, by agricultural polices (Lima, 
2009). 
The present article aims to analyze the behavior of guava trading prices at the 
municipal market of Juazeiro, BA, considered the largest in the Lower Middle São 
Francisco River Valley, which centralizes the commercialization in the area. Basically, 
the tendency components, seasonality, cycle and volatility of the temporary series were 
analyzed, with the objective of identifying its respective behaviors. 
 
MATERIAL AND METHODS 
In studies with temporal series data, the central subject is to discover whether or 
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not the series is stationary (Box et al., 1994). If not, the result of the regression can be 
spurious and the accomplished forecasts not reliable (Gujarati, 2009). In this work the 
unitary root test of Dickey-Fuller is accomplished by the generalized least square (DF-
GLS), a high potency test (Elliott et al., 1996; Baum, 2001). The traditional focus for 
analysis of temporal series is to decompose them into four components (Fava, 2000): a) 
tendency: continuous long lasting data movement to certain direction, during a long time 
period; b) cycle: oscillatory movement around trend, which is verified during a time 
period greater than one year and not obligatorily regular; c) seasonality: it is also an 
oscillatory movement, however, it happens regularly in sub periods of one year fixed 
time; d) volatility: it is derived from strictly random factors. 
Time series data can result from combination of all four components and subsets 
of them, the volatility being always present in economics series. The analysis of the 
deterministic tendency type is estimated, starting from simple regression as indicated by 
Gujarati (2009). If series with no deterministic trend are not stationary, it possibly fits the 
stochastic trend principle. This trend is removed through the differentiation of series. 
The seasonal component is analyzed under the deterministic form. As the seasonal 
pattern does not vary year after year, the impacts of the different months exercise on the 
series can be estimated by the seasonality indexes, represented by 12 “dummy” variables, 
despite to be a monthly series. When the restriction 
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is incorporated to the regression equation, it facilitates the interpretation of results, since 
the seasonal constants represent the effect of the period in relation to a medium level. The 
model to be estimated turns to 
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where the coefficients (αj) are the seasonal constants and α12=-(α1+ α2+ α3+…+α11), Djt 
(j=1, 2,... ,11 and t=1, 2, 3,..., n), the dummy variables t is the stochastic error, and αj 
represents the seasonal effect (seasonal constants) in the jth period. The residues of (2) 
represent the series with no deterministic seasonality. In the cycle analysis, the domain 
frequency analysis (spectral) is accomplished. The spectral density represents the auto 
covariance function in the time domain analysis. The integral of the spectrum gives the 
variance of the process. Possible “picks” in the spectrum indicates that in the interval of 
the certain frequencies a larger contribution exists to explain the variance of the series. 
The sampling spectrum or periodogram is estimated as demonstrated by Judge et al. 
(1988). 
For volatility analysis the Integrated Autoregressive of Mobile averages (ARIMA) 
(p.d.q.) is initially estimated as defined by Lütkepohl and Krätzig (2004) as 
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The volatility is analyzed with the residues of ARIMA (p,d,q). The residues being 
heterocedastic, a model of the family ARCH (Auto Regressive with Conditional 
Heterocedasticity) can be estimated. A process ARCH (p) is defined by 
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in which the u variance in the t period depends on a constant term plus the squared errors 
in the period t-1 to t-p. 
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The data refer to the price of guava trading in the municipal market at Juazeiro, 
BA, during the period of January of 2005 to December of 2011. Prices were used after 
deflation by the General Price Index, available at the site of the Secretaria da 
AgriculturaIrrigação e ReformaAgrária (SEAGRI) of the State of Bahia 
(http://www.seagri.ba.gov.br/cotacao.asp). 
 
RESULTS AND DISCUSSION 
The observation of the historical series indicates the existence of a slight price 
growth tendency in the analysis period. In the final months of 2009 and also in the second 
semester of 2010, the prices were quite elevated but they were gradually reduced until the 
second semester of 2012, when they increased above the average again (Fig. 1). 
The geometric growth rate of prices in the period is positive and equal to 1.8% per 
month andstatistically significant at 1% probability (Table 1). Considering the parsimony 
principle in the choice of the maximum number of lags, the series of prices is stationary 
when 1 lag is considered by the Schwarz information criterion and not stationary by the 
Akaike modified criterion with 6 lags at 1% significance (Table 2).   
The linear trend model analysis was chosen based on the smallest information 
criterion and high likelihood log (Table3). The estimated deterministic trend coefficient is 
positive and statistically significant at 1% level, indicating there is tendency for price 
increase (Table 4). The deterministic trend was removed from the series, but since it 
remained non- stationary at 1% significance level (it Controls 5), the differentiation was 
accomplished to remove the stochastic trend. After the procedure, the series became 
stationary (Table 6). 
In the deterministic seasonality analysis it was found with significance that in May 
and November the guava prices in the municipal market are above its historical average 
but below this level during August (Fig. 2). Prices behavior coincides with fruit offer due 
to production seasonality. The offer decreases from November to June and increases from 
July to October, due mainly to weather factor, when the lower temperatures favor the 
production.  
In the cycle analysis with the function of spectral density, there were only found 
short seasonal cycles with 6 and 7 months possibly more related to fruit offer seasonality 
as previously explained. 
In relation to the volatility component of guava price series, several ARIMA 
models were estimated to describe the generating process. The ARIMA model (3, 1, 3) 
was chosen through the methodology of Box et al. (1994), because it shows lower 
information values by the Akaike and Schwarz criteria (Table 7). During the residue 
analysis of ARIMA (3, 1, 3) the average was found to be 0 and they do not present 
autocorrection by the Breusch Godfrey’s test. The result of the LM aggressive conditional 
heterocedasticity test is 14,785, thus rejecting the null hypothesis of no ARCH effect 
(Table 8). So, the ARCH model (1, 0) was chosen among several models of the family 
(Table 9). The results indicate that the volatility of guava prices is not high in the 
municipal market of Juazeiro, BA. 
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Tables 
 
Table 1. Result of the log-linear model estimation against trend for growth rate 
calculation. 
 
ln (guava price) Coef. Std. Err. t P>t (95% Conf. interval) 
trend 0.0179 0.0029 6.1800 0.0000 0.0122 0.0237 
constant 2.0926 0.1419 14.7400 0.0000 1.8103 2.3750 
t=Student’s t statistic calculated. 
P>t=Probability>t. 
 
 
Table 2. DF-GLS test of the historical series of guava trade price in Juazeiro, BA, from 
January 2005 toDecember 2011. 
 
(lags) DF-GLS tau  Test Statistic 
1%  
Critical 
5%  
Critical 
10%  
Critical 
6 -2.104 -3.641 -2.932 -2.649 
5 -2.367 -3.641 -2.966 -2.681 
4 -3.058 -3.641 -2.998 -2.71 
3 -3.622 -3.641 -3.027 -2.737 
2 -5.079 -3.641 -3.054 -2.762 
1 -4.59 -3.641 -3.077 -2.783 
Maxlag=11 chosen by Schwert criterion. 
Min SC=-3.604021 at lag 1 with RMSE 0.1554535. 
Min MAIC=-3.155588 at lag 6 with RMSE 0.1467265. 
 
 
Table 3. Results of the information criteria to choose the trend model. 
 
Model Log likelihood degrees of freedom AIC BIC 
Linear 25.01064 2 -46.02128 -41.15964 
Log Linear -81.29226 2 166.5845 171.4462 
AIC=Akaike information criterion. 
BIC=Bayesian information criterion. 
 
 
Table 4. Results of the linear trend model estimation. 
 
Guava price Coef. Std. Err. t P>t (95% Conf. interval) 
Trend 0.0061 0.0008 7.4300 0.0000 0.0044 0.0077 
Constant 0.7614 0.0400 19.0200 0.0000 0.6817 0.8410 
t=Student’s t statistic calculated. 
P>t=Probability>t. 
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Table 5. DF-GLS test applied to historical series of guava prices with no deterministic 
trend.  
 
(lags) DF-GLS statistic test 
1%  
Critical 
5%  
Critical 
10%  
Critical 
6 -2.090 -2.606 -2.081 -1.782 
5 -2.349 -2.606 -2.099 -1.800 
4 -3.033 -2.606 -2.117 -1.817 
3 -3.595 -2.606 -2.134 -1.832 
2 -5.049 -2.606 -2.150 -1.847 
1 -4.571 -2.606 -2.164 -1.859 
Maxlag=11 chosen by Schwert criterion. 
Min SC=-3.602069at lag 1 with RMSE 0.1556053. 
Min MAIC=-3.170788 at lag 6 with RMSE 0.1468141. 
 
 
 
 
 
 
Table 6.DF-GLS test applied to historical series of guava prices without deterministic and 
stochastic trends. 
 
(lags) DF-GLS tau  Statistic Test 
1%  
Critical 
5%  
Critical 
10%  
Critical 
2 -7.226 -3.645 -3.056 -2.764 
1 -6.312 -3.645 -3.080 -2.785 
Maxlag=11 chosen by Schwert criterion. 
Min SC=-3.376304 at lag 1 with RMSE 0.1689405. 
Min MAIC=-0.8718194 at lag 6 with RMSE 0.1806341. 
 
 
 
 
 
Table 7. Results of the ARIMA model estimation (3,1,3).  
 
Guava price Coef. Std. Err. Z P>Z (95% Conf. Interval) 
constant -0.0012 0.0150 -0.0800 0.9370 -0.0307 0.0283
ARMA 
   ar L3. -0.8093 0.1462 -5.5400 0.0000 -1.0959 -0.5228
   ma L3. 0.5441 0.2159 2.5200 0.0120 0.1209 0.9673
/sigma 0.1578 0.0111 14.2400 0.0000 0.1361 0.1795
AIC=-62.2197  BIC=-52.5443 Loglikelihood=35.1098  
Wald chi2(2)=60.50 Prob=0.0000   
Z=Z statistic calculated. 
P>Z=Probability>Z. 
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Table 8. Results of the residues test of the ARIMA model (3,1,3).  
 
Variable Mean Standard error
res_arima 0.0000347 0.0174774 
t res_arima=0 = 0.002 
Pr(T>t) = 0.9984 
Breusch-Godfrey LM test for autocorrelation 
lags(p)  chi2 df Prob>chi2 
1 1.893 1 0.1689 
LM test for autoregressive conditional heterocedasticity (ARCH) 
lags(p)  chi2 df Prob>chi2 
1 14.785 1 0.0001 
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Fig. 1. Guava price evolution in the municipal market of Juazeiro, BA, from January 2005 
to December 2011. Legend: m1=January. 
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Fig. 2. Estimated coefficients of seasonal and monthly “dummies” of the deterministic 
seasonality analysis of guava prices. 
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Fig. 3. Standard Log of guava price series periodogram for cycle analysis. 
